A local antiviral effect can be observed when (poly rI). (poly rC), bound to Visking discs by u.v. irradiation, is incubated with monolayers of human foreskin fibroblast cells. Radioactive labelling of cytosine residues in (poly rI). (poly rC) with t25I, has provided a much more sensitive method for determining the fate of the insoluble (poly rI). (poly rC) than has been available hitherto. The antiviral effect is not related to the amount of (poly rI). (poly rC) present on the insoluble support but rather to the amount of polynucleotide lost from the support during incubation. Treatment of (poly rI). (poly rC) which had been bound to cyanogen bromideactivated Sepharose with either dilute alkali or pancreatic ribonuclease released virtually all the polynucleotide. A small amount of (poly rI). (poly rC) is released from the insoluble matrix in the presence of serum-free Minimum Eagle's Medium.
Short communications
* The plaque reduction assay was carried out as described in the text and is corrected to reflect only antiviral activity of the area of the monolayer actually covered by the supporting matrix. The area outside the matrices was a useful control showing no plaque reduction and hence full viability of the cells.
However, pipetting errors with this rapidly sedimenting slurry make great accuracy impossible.
Recently, a method for labelling cytosine residues in polynucleotides with a y-emitter (125I) has been described (Commerford, I97~) . Such labelling of (poly rI). (poly rC) would remove quenching errors and in addition, the radioactivity of samples can be measured in biological media without the use of scintillants, making this a very sensitive method of assay. Furthermore, the attachment of (poly rI). ([125I]-labelled poly rC) to Visking (cellophane) by u.v. irradiation (Pitha & Pitha, I973) means that a precisely known amount of radioactivity can be added to each cell monolayer in a form which can be removed easily at the end of the experiment. Hence, the radioactivity remaining on the support, in the supernatant fluid, and associated with the cells can all be determined with accuracy. We have prepared (poly rI).([12H]-labelled poly rC) from poly rI and poly rC (P-L Laboratories) (s~o.w = Io for each) with asp. act. of lO 4 ct/min/#g. By irradiation for I h, 2o cm from a 3o W germicidal lamp (Pitha & Pitha, ~973) , we have attached the hybrid to either circular Visking discs 7 c m2 in area or Millipore PSAC filters 5 cm2 in area. The supports were washed with MEM until the loss of radioactivity over 24 h was negligible.
Human foreskin fibroblast (HFF) monolayers challenged with vesicular stomatitis virus are known to be highly sensitive to the antiviral action of interferon, the production of which is stimulated by small quantities of (poly rI). (poly rC) (Merigan & De Clercq, I97O) . Therefore, this system was chosen to assay the antiviral action of our insoluble polynucleotides. The discs or filters bearing [~25I]-labelled (poly rI). (poly rC) were then placed over HFF cells in Petri dishes ~o cm 2 in area such that the side of the support bearing the bulk of the polynucleotides was in contact with the cells and weighted with perspex rings to improve contact. After a suitable time the discs were removed and the residual radioactivity, and that associated with the cells and supernatant fluid was determined (Fig. I ). This procedure allowed a more accurate estimation of the fate of the polynucleotide during the experiment than has been possible hitherto. free MEM (2 x 2 ml) and vesicular stomatitis virus (2 5 p.f.u.) added, the plaque reduction assay was performed by the method of Merigan (I970.
We found that a localized antiviral effect could be observed with (poly rI). (poly rC) attached to Visking discs; virtually no virus plaques being formed in the area of the monolayer covered by the discs, while plaques were clearly visible in the area of the HFF monolayer not covered by the Visking (Table [) . If the discs were placed so that the bulk of the polynucleotide was on the side of the Visking away from the cells, no antiviral effect could be observed in eight experiments even though the same quantity of polynucleotide was lost from the supports in both cases. The antiviral effect appears to depend on the amount of (poly rI). (poly rC)released from the supports rather than the total amount present with short (< I h) incubation times. When little release of (poly rI). (poly rC) occurred, there was no antiviral effect even though the polynucleotide was present in substantial amounts (up to 2 #g per disc) and even though (poly rI). (poly rC) is known to cause an antiviral effect in a matter of minutes (P. M. Pitha, ] 974, personal communication). When an antiviral effect was observed, it was accompanied by a substantial loss ofpolynucleotide from the discs (up to 60 % of the radioactivity after 24 h), and the localized antiviral effect could well be due to this lost material. When (poly rI). (poly rC) was attached to Millipore filters there was no measurable loss over 24h of radioactive label from the support either in the presence of serum-free MEM or HFF monolayers. We found, however, that it was impossible to remove the filters to which the polynucleotide was attached from the cells at the end of an incubation without substantial damage occurring to the underlying monolayer. Since Millipore filters which were free of (poly rI). (poly rC) failed to adhere to cell monolayers, this damage was most 4o6
likely due to adhesion of the cells to the insoluble (poly rI). (poly rC). With nucleotide carrying filters no antiviral effect was observed in the adjacent undamaged monolayer.
It seems likely that the Visking discs produce, at least temporarily, local high concentrations of released (poly rI). (poly rC) which are responsible for the antiviral effect. We found that using Visking-bound (poly rI). (poly rC) the uptake of radioactivity by the cells is greater than with soluble (poly rI). (poly rC) at a comparable concentration (Fig. I) . This is possibly due to a 'tenting' effect caused by the Visking preventing the escape of the label into the medium. The uptake of 1~5I by the cells was performed in the following manner.
After incubation of Visking-bound (poly rI).([a~5I]-labelled poly rC) (I to 2/~g per disc) with HFF cells, the supernatant fluid and insoluble support were removed. The cells were washed with MEM (2 x 2 ml), trypsin (I ml, 2. 5 mg/ml in phosphate buffered saline was added and the mixture left for I h at 37 °C. The cells were then collected and the Petri dishes washed with phosphate buffered saline (2 x 0"5 ml); the radioactivity of the cells and washings were then determined. Alternatively, the cells were treated with pancreatic RNase (IOO/zg/ml in MEM containing io -3 M-EDTA, 2 ml)' for 30 min at 37 °C before washing with MEM and trypsin treatment. For comparison, soluble (poly rI). @25I]-labelled poly rC), about I/zg, was used in the above experiment in place of the Visking-bound material. As has been previously observed with soluble (poly rI). (poly rC) (Bausek & Merigan, I969) , a small fraction of the (poly rI). (poly rC) which was lost from the Visking was bound to the cells in a form which was not accessible to RNase; it may be this material which is responsine for the antiviral activity observed.
We have re-investigated the stability and antiviral activity of Sepharose-bound (poly rI). (poly rC) which was prepared by the method of Taylor-Papadimitriou & Kallos 0973). When (poly rI).([x~sI]-labelled poly rC) was incubated with o.z M-sodium hydroxide solution for I8 h at 37 °C, all the radioactivity was released from the support. With pancreatic RNase (25 #g/ml in MEM/Io -3 M-EDTA), 87 ~ of the 125I was liberated after I h at 37 °C. We also found that in the presence of serum-free MEM there was a slow leakage of x~sI from the support, I6 ~ being lost after 6 h at 37 °C. Under the conditions of our plaque reduction assay, the Sepharose-bound (poly rI). (poly rC) was as active as the soluble hybrid. Thus we have observed an antiviral effect when there was release of (poly rI). (poly rC) from an insoluble matrix (Sepharose or Visking discs) but not with Millipore filters where the cells adhere to the support. A similar effect has been observed with (poly r/). (poly rC) bound to mouse L cells (De Clercq & De Somer, I972) . Hence there is difficulty in assessing the antiviral activity of an insoluble polynucleotide inducer whether the polynucleotide adheres to or is released from the support. We believe that the problem of whether polynucleotides must enter cells for an antiviral effect to occur requires further study with new approaches.
